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Abstract 
Meteorological observations at Syowa Base in 
5th expedition were maintained in the year 
1960-1962. Among scientific disciplines im­
portance was attached to the meteorological 
section consisting of 4 members, to take various 
types of observation. General and characteristic 
features in meteorological observations are 
summarized in the following. 
A. Surface observation: 3-hourly observations 
were made throughout the wintering period, 
4 observations were transmitted to Mother 
Station (Mawson), twice daily. In addition to 
the specified observations, radiation, sunshine 
and ground temperature were also observed 
by continuous selfrecording instrument re­
spectively. 
The special features of this year is that, 
compared with the appearance of the annual 
minimum temperature normally in September 
in the Antarctic, the minimum occurred in July 
and it is shown that the average temperature 
in September was 5.5°C higher than the normal 
value. 
B. Upper air observation: One time (12Z) 
daily rawinsonde observations were made 
throughout the year except a few cases of only 
radiosonde observation. Twice daily (00 and 
12Z) rawinsonde observations were made during 
World Meteorological Interval of Post-IGY 
(July 16-July 25). All observations were 
transmitted to Mother Station every day. 
Equipments used : 
D-55A type Automatic Direction Finder 
(Similar type with GMD-lA) 
JMA-RSII Rawinsonde, 1680 Mc 
JMA-SIII Radiosonde, 27 Mc 
800g Balloon (Latex) 
CaH2 Cans for Hydrogen gas to fill balloons. 
Monthly average temperatures and heights 
were shown in respective figures. In September, 
combined with the surface temperature, the 
strong warm-air inflow throughout the tropo­
sphere below 300 mb could be seen. A rapid 
warming in the stratosphere in spring was also 
clearly observed. 
Wind rose at some selected pressure levels 
were shown in Figs. 7-10. In general, the 
wind is strong in winter, especially in the 
stratosphere and NE-ly and SW-ly winds are 
predominant in the troposphere, SW-ly or 
W-ly in the stratosphere. The E-ly winds 
were also observed above 30 mb in summer. 
C. Ozone observation: i) Total ozone observ­
ation 
Dobson ozone spectrophotometer was used 
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for this observation. Table 3 shows the results 
of only direct sunlight observation with reliable 
AD wave length setting. Comparison is made 
in Figs. 11 and 12 between Syowa Base, Little 
America and Halley Bay. Total ozone amount 
can be said to increase in spring from Novem­
ber to December over the Antarctic and the 
maximum seems to appear in summer. 
The 10-days average values of Syowa Base 
and Halley Bay show to be in good similarity 
in spite of ditf erent year. It may also be noted 
that a good correlation exists between rapid 
increase of ozone amount and temperature of 
50 mb in late November. 
ii) Surface ozone observation 
The density of surface ozone was measured 
on days without drifting snow from the end of 
February 1961. Based on Ehmert method, the 
equipment developed by Mr. KAWAMURA. 
Meteorological Research Institute, was used. 
It may be seen that the density increase in 
autumn and reaches its maximum value about 
40 µg/m3 in early June in polar night season, 
then decreases rapidly until the sun comes 
back and indicates minimum in early summer. 
It should be noted that there is 6 months' 
phase difference between the surface ozone 
amount and the total ozone amount. 
D. Special observation : Snow accumulation 
Toward ENE-ly direction from the base, 6 
snow stakes were erected and snow accumula­
tion was observed several times every month. 
The result is shown in Table 4 in which the 
annual accumulation was 121 cm. Average 
density of snow was 0.474 and the equivalent 
amount of water was 574 m/m. 
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Fig. 1. Annual variation of temperature 
at Syowa (1961). 
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Fig. 2. Monthly mean temperature 
at Syowa. 
full Jine 1961 
dotted line: mean values for 1957, 1959, 
1960. 
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1960 - 0.8 Jan. 1961 - 2.2 
1962 - 2.1 
1959 
Feb. 1960 
1961 
1959 
Mar. 1960 
1961 
1959 
Apr. 1960 
1961 
1959 
May 1960 
1961 
1959 
Jun. 1960 
1961 
1959 
Jul. 1960 
1961 
1959 
Aug. 1960 
1961 
1959 
Sep. 1960 
1961 
1959 
Oct. 1960 
1961 
1959 
Nov. 1960 
1961 
1959 
Dec. 1960 
1961 
1959 
Mean 1960 
1961 
- 4.5 
- 4.7 
- 2.3 
- 5.5 
- 7.6 
- 7.5 
-10.1 
- 9.8 
-11.4 
-14.6 
-15.7 
-14.8 
-13.3 
-19.6 
-13.8 
-16.3 
-19.4 
-19.8 
-19.2 
-19.1 
-18.8 
-21.7 
-22.4 
-15.9 
-12.7 
-14.0 
-11.0 
- 9.2 
- 7.3 
- 5.9 
- 2.2 
- 1.9 
- 2.7 
-11.7 
-11.9 
-10.5 
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Table 1. Weather at Syowa Base (1959-1962). 
Max. 
temp. 
oc 
6.0 
3.8 
3.6 
0.2 
1. 7 
4.5 
- 0.6 
0.1 
0.6 
0.2 
- 3.5 
- 2.1 
- 3.1 
- 3.2 
- 6.5 
- 2.7 
- 7.1 
- 0.7 
- 6.0 
- 4.7 
- 3.6 
- 5.6 
- 6.5 
- 5.0 
- 3.9 
-10.0 
- 4.3 
- 3.7 
- 6.7 
- 0.8 
- 0.3 
2.5 
1.7 
5.9 
6.5 
4.7 
Min. 
temp. 
oc 
- 7.9 
-11.6 
- 8.0 
-10.7 
-16.9 
- 9.9 
-16.3 
-22.1 
-20.9 
-27.4 
-17.6 
-29.1 
-36.2 
-30.2 
-30.5 
-35.1 
-34.6 
-28.3 
-35.8 
-40.0 
-42.7 
-39.6 
-37.3 
-37.9 
-42.1 
-38.4 
-29.7 
-28.8 
-26.5 
-21.8 
-23.9 
-20.5 
-17.3 
-10.2 
-10.5 
- 9.7 
Mean 
pressure 
(M.S.L) 
mb 
985.2 
990.5 
985.2 
988.7 
987.1 
992.8 
983.0 
977.7 
986.0 
991.7 
982.4 
986.8 
992.9 
990.9 
989.4 
991.6 
987.6 
989.7 
987.1 
983.4 
984.0 
991.8 
984.2 
983.9 
981.1 
979.8 
990.8 
987.0 
984.7 
983.6 
979.4 
983.5 
985.6 
992.4 
983.7 
984.8 
987.9 
984.2 
987.3 
Min. 
pressure 
(M.S.L) 
mb 
959.1 
960.9 
965.7 
963.6 
957.6 
966.2 
954.2 
948.1 
966.5 
969.6 
Mean 
wind 
m/s 
7.6 
3.5 
5.7 
3.3 
4.8 
4.9 
9.5 
7.7 
6.0 
6.8 
9.4 
5.5 
5.7 
6.2 
5.7 
7.9 
7.9 
10.9 
7.9 
5.1 
5.8 
6.8 
6.5 
6.0 
4.9 
6.2 
5.3 
7.4 
6.2 
7.9 
5.9 
7.9 
6.4 
6.9 
4.6 
6.9 
6.9 
5.8 
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Max. wind Max. wind Days Mean Days Days of Days of 
(Instan- (For 10 of strong cloud- of fine precip- no sun-wind taneous) minutes) >lOm/s iness weather , itation shine 
m/s m/s 
NE 32.5 NE 31.7 18 7.9 3 15 5 
NE 13.0 7 6.2 5 8 3 
E 34.2 E 24.5 12 7.0 4 8 
NE 17.0 NE 14.0 6 7.2 3 12 
NE 26.8 NE 23.3 10 5.9 7 9 2 
ENE 22.0 ENE 18.0 13 5.9 6 3 4 
NE 41.8 NE 33.9 23 7.7 2 20 8 
NE 32.0 NE 31.1 8 8.3 1 23 13 
ENE 32.0 ENE 23.0 13 7.3 4 18 12 
NE 39.0 NE 31.4 16 6.6 5 16 11 
ENE 30.3 ENE 27.0 25 8.7 0 17 17 
ENE 31.9 ENE 25.2 16 8.1 1 21 14 
NE 23.5 NE 19.6 18 7.1 6 14 22 
ENE 36.0 ENE 31.4 16 4.7 9 5 16 
NE 28.3 NE 23.2 18 5.7 8 8 18 
ENE 36.4 ENE 31.6 23 6.1 8 11 
ENE 47.5 ENE 36.7 21 6.7 5 15 
ENE 37.0 ENE 30.3 27 , 5.9 10 12 8 
ENE 41.5 ENE 32.5 16 6.4 3 19 
ENE 42.2 NE 30.8 10 5.2 10 12 
ENE 54.5 ENE 40.6 12 5.9 9 11 11 
E 37.5 ENE 32.5 15 6.3 6 16 16 
NE 47.2 NE 36.0 14 6.5 7 9 15 
NE 37.0 ENE 29.2 16 6.2 6 17 11 
NE 34.0 NE 31.1 10 5.3 9 9 8 
NE 48.8 EN 38.0 12 6.8 5 9 11 
NE 28.7 NE 24.1 14 7.8 4 17 9 
NE 36.6 NE 32.5 15 7.4 4 18 10 
ENE 47.6 ENE 36.2 14 6.9 6 15 8 
ENE 39.8 NE 32.4 19 7.9 3 14 6 
ENE 23.9 ENE 22.9 17 5.6 9 6 o· 
ENE 30.5 ENE 24.6 19 8.3 2 16 4 
NE 21.9 NE 19.6 20 6.4 5 2 
ENE 18.2 NE 17.7 23 4.7 13 2 0 
E 20.5 NE 17.2 13 6.4 5 8 1 
6.8 
6.5 
6.7 
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1961 Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
1962 Jan. 
Total 
I V - 17 1 / :l / :r·I 
I 347 I 
I 19 I 
I 11 I 
4 0 
28 0 
30 1 
29 1 
30 1 
27 3 
27 2 
30 1 
28 2 
28 3 
25 5 
31 0 
7 0 
334 19 
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0 
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3 
2 
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2 
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2 
1 
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0 
0 
11 
EE (�i[), Athli c/� 1 � 7 )[,, ), Ii£ (c:§�) -c, 1�Ji1:r:ctviN%:ct. 1ifll�tffe:�v;l:, 
JMA RSII � v - r'J 1 ::,/ '/::.,, -y· : 1680MC 
JMA SIII � 7 :; ::1" '/ ::.,, ?' : 27 MC 
* 1�11\t �:tmftlf*m1&, mft, §£*�· .:sz.�:t:xft�ffiO)\,,-fntJ�O) 1- 5' 7'';t.,O)t-:o6�t-:v::� 1'.J ®f-t � 
t. 
No .. 17. 1963] (1437) 
-so· -70· -60° -50° -40· -30· 
.:. -01:f. o:l "'f s::; 
�/ � 
-20· -10· 0 ·c mb 
50 
100 
150 
200 
300 
-so· -70· -60° -50· -40· -30· -20· -10· 
•I �, c;, o, J,/ c;'f 
mb 
50 
) 1 
-+-'+---'-----+----+-------�100 
I 
--t--',---;----+/--------------150 
! 
----------��...,..,_-�700 
\\ '\,, � \ ........ 
. \ \;,, 850 
\ \\ 
\ ...... 
�-�-�-�--�-�-���-Surface ' -.. Surface -so· -70· -60° -so· -40· -30· -20· -10° o ·c -so· -70· -60° -50· -40· -30• -20· -10· o ·c 
Fig. 3. Monthly mean upper air temperature 
at Syowa (January-June, · 1961). 
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Fig. 4. Monthly mean upper air temperature 
at Syowa (July-December, 1961). 
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Month 
Jan. 
Feb. 
Mar. 
Aap. 
,...._ May 
� Jun. b.O 
.µ Jul. 
� Aug. 
Q) 
::i:l Sep.· 
Oct. 
Nov. 
Dec. 
Mean 
Jan. 
Feb. 
Mar. 
Apr. 
May 0 
'-' 
e Jun. 
::::, 
Jul. .µ 
Aug. Q) � 
Sep. Q) 
E-4 
Oct. 
Nov. 
Dec. 
Mean 
Table 2. Aerological data at Syowa Base (1961). 
·--::-=----=--·-·-·--· =--- ... ------- ----- --------- -- - --�---------- --=-----·. ----·-- -�-- -----�-- ---- -----·----- . - ---·- - ·- - ·------ ____ . ···---- -. ----- . --- ----- -------� 
1000 mb 850 mb 700mb 500 mb 400mb 300mb 200mb 150 mb 100 mb 50 mb 30 mb 
- 76 1200 2679 5124 6670 8585 11271 13213 15982 20761 24311 
- 61 1220 2703 5162 6718 8626 11278 13213 15952 20668 24187 
-103 1146 2602 5004 6518 8387 11034 12950 15659 20293 23718 
-100 1145 2593 4989 6498 8364 10983 12862 15495 19950 23323 
- 84 1155 2600 5006 6523 8389 10954 12776 15316 19640 22743 
- 65 1162 2595 4984 6491 8342 10821 12570 15002 19061 22182 
-123 1086 2507 4865 6348 8166 10602 12306 14650 18743 21784 
-119 1090 2514 4882 6369 8192 10622 12312 14653 18571 21462 
- 62 1162 2598 4998 9510 8361 10806 12490 14844 18860 21781 
-116 1127 2575 4983 6496 8349 10837 12573 15029 19277 22513 
-116 1149 2611 5032 6555 8420 10969 12788 15374 20045 23508 
-123 1153 2626 5064 6601 8491 11089 12968 15673 20424 23984 
- 96 1150 2600 5008 6525 8390 10939 12752 15302 19691 22958 
- - 9.2 -17.7 -32.2 -41.5 -48.7 -43.3 -41.3 -39.8 -36.6 -32.0 
- - 8.8 -16.7 -30.2 -40.4 -52.1 -44.8 -53.1 -41.8 -38.6 -37.1 
- -13.2 -22.0 -36.6 -46.2 -54.5 -46.0 -45.1 -44.9 -45.6 -45.0 
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Fig. 7. Wind rose at standard levels (I). 
Fig. 8. Wind rose at standard levels (II). 
lOOmb Mar. 
10 
· Fig. 9. Wind rose at standard levels (III). 
500mb Dec. 300mb Dec. 200mb Dec. 
Fig. 10. Wind rose at standard levels (IV). 
lOOmb Dec. 
No. 17. 1963] (1441) 11 
2.2.3. A.f::Jt&u7.k#- : A.ttvi soog 5' 7 'Y 1 A ��ffl. -%$vtx�Wvc.A.tt �,I1EEIK.�-t .:. 
t vc. J: 0 t��r\efJJ5t � r\efJ < -t 0 .:.  t 7J�c � t.::... 
7.k#-N 7- vtJe�ffl O) n 1t-- � 1:1 L / '\  1 r 5' 1 r CiG-0 6">) �ilB 300 @:St t 7.k#-;1; / «7J� 40 * 
£tii!vc.�J! � n  --c 1v , t.::.. O) c, i f  n 1t-- � 1:'.i' 1,. / , 1 r 7 1 r vc. J:  0 Je�7.k#- �1tffl l t 7Jd::d 1n 
.::fJE O)'.Stvt *' )! « O)J.k#- ��nox� 1.., --c, ��71 2700-2900 g t  1.., --c�m l t.::... 
2.2.4. :t.&tttsiJ;-r: � t.::.. 0) c A,fj(3't:tJl{ ' 1.&t!vi?JdJ: () �� vC.fJ: 0 t.::... L, i'J) L, ,©l\i!?J; 20 m/s �j\:}! 
-t t 1vz:itvtill�vc.tJ: 0 t * 0 ·  
2.2.5. lUJl!Jtt'= 
:e-:tg15iAJ±ffi 0) JPf�Ati. � Fig. 3 t Fig. 4 vc, 1g1JEA.J±ffi t r\efJJJt t 0)�1* � Fig. 5 t 
Fig. 6 vCffiT. 
Tropopause a 200 mb t 300 mb O)Fai vc.1¥tE T 0 7J�, -t: ntJTO)Jfmt:effic v:trfdtA.ffiO)x 
1-\'.:?JqE3ev::fitJ:bn0 0) -c: :¥�1-tv;t,J , � < ,  -t: O)tJJ,Oivi 7 -8°C vc.� �fJ:v ' . �1JM � effi c  0) 
:¥�1tvt 3!-:1J'nc.* � < ,  -t: 0)�$ivt 5·0 mb -c: vt 40 °C tJJ: vc. t �t" 0 .  �1tO)iJHfH;tl{t�, * 
ii.� vc.J:Jj?J, G frit i  () ,  ::t�jr\efJJJtO)�{t t  vi vY�ll( 1.., --c 1v , 0 .  
Fig. 4 Jiu Fig. 5 0) 9 J3 O)fiJHi 300 mb tJTO)Jfimefflc, iEJefJ:SlAO)imA � ffi  l c v ' 0 ,  
.:. nvHfilJ:O) 9 }3 O)."Sf�A.1i.7J�17U:¥vc.Jt� L, t•#vCr,e\j l)) 0  t.::.. C t ��- � L, CV ' G ·  Table 2 
vc.:e-1g1JEA.J±ffi 0) J3 ."Sf��JJtliu J3 ."Sf:1:§JA.ri. � ffi -t.  
Fig. 7 J: () Fig. 10 i -r:vt:e-:tg1JE'AJ±ffi 0) J3 -'3U O)  Wind Rose �ffi-t. �!5t'.1¥J vc. vt-%$ v:. 
,©l\?J;1i < ,  t� vc.M��vc.Jov'  t .:.  O)t��vilJFff-c: 2b 0 .  Jtim� vc.Jov 'c vi::!tJft t 1¥fgg,ffil\iJ��1v --
7J� , Mlii effi-r: vi1¥fgg5<.vigg,ffil\7Jt1¥-�-t 0 .  *m.�tJ:1ll:A.J±i'J�* 0 t Jtmt:effi�frfSil�::!tJft,©l\ t tJ: 0 .  
-f7U:¥ic�« t•#r\efJilill. -c: 2b 0 t.::.. 9 J3 vi 200 mb tJ ,  G :ffuJ: i -r:::!tJl,ffil\O) l¥-�il���-c: 2b 0 t.::... 
J[$vC.vi 30mb tJJ: -C:]R,©l\?J�tol)Jl!J � nt.::...  
3.1. ;;t �/ Y �.mfltJllJ 
1961 :{fiJ, G 62 :¥vc.tJ, vt t Dobson 0)51'1£::ff � Jij1.., ,--c ::t '/ Y �_mO)fltJllJ �:frfJ: 0 t.::... 
:St1t:ff ��-1::i1w 0 tfl}t�JE�frtJ: 0 t.::..7J�, -t: O)ma*, 1k� 7  Y 7°, �* 7 Y 7° 0)�;Evc.vi• 
# iJ��6"> G ntJ: ?J' 0 t.::... Wedge O) iflJt1;J!cO)�JE7J�, i t.:+:Stvc.tJ: � n ttJ:v '?J�, .:. 0)�5E 
O)m!*vc. J:  0 t vi, 2b 0 1v , v;tf�I£0)&,�7J��f 0 i'J' t �:ntJ: v ' . No 0)�1t vc. J: 0 f�IEvi, � 
#0).::f JE vp -*.  fitJ: 1v '1�tJ: 1v '• 
Table 3 vCffi L, t.::..*5*vi{§ffic � 0 AD 1Bl:RfJHc J: 0 uli!tt1tfl1JllJO) t 0) O) d'j- c 2b () ,  inr 
vc.1t.J=IH. J.::..10z.ll>l1*l�J;t Vigroux vc. J: 0 flc 2b 0 . 
Fig. 11 vc. Little America (78°S, 162°W), Halley Bay (75°S, 21 °W), B?ffo£:ffu (69°8,. 
12 (1442) [l??Hi�*4 
Table 3. Total ozone amount at Syowa Base (1961). 
yy GGµµµ lSxxx yy GGµµµ lSxxx 
March (1961) 23 08307 01324 November 12 06198 01311 
23 10286 01326 12 09159 01312 
24 09294 01216 12 15314 01296 
24 09290 01317 13 04294 01293 
25 09300 01339 13 06193 01306 
25 09296 01340 13 09158 01313 
29 09319 01343 13 15309 01311 
30 09326 01348 14 04288 01311 
14 06191 01316 
September 15 09315 01295 14 09157 01324 
18 09300 01297 18 04282 01340 
18 09297 01297 18 06186 01339 
19 09299 01282 23 12151 01364 
19 09292 01280 30 15288 01366 
20 08298 01284 
20 09287 01288 December 05 15333 01364 
28 07299 01216 06 03275 01357 
28 09251 01319 06 05191 01362 
06 09145 01365 
October 03 06301 01315 07 03275 01347 
03 09233 01317 07 05192 01350 
09 09216 01336 07 09145 01357 
10 09213 01334 08 03272 01353 
22 13296 01293 08 05200 01355 
23 05299 01313 08 09144 - 01354 
23 07199 01316 08 15264 01354 
23 09185 01304 09 05205 01350 
26 07200 01327 09 10145 01362 
26 09180 01320 10 03270 01360 
26 14293 01337 11 03275 01366 
27 04309 01356 11 05196 01372 
27 07200 01357 11 09144 01370 
27 09179 01363 19 03267 01356 
28 07200 01358 19 09142 01363 
28 09177 01364 21 03277 01353 
29 07198 01357 21 05204 01353 
29 09176 01341 21 09143 01358 
29 14307 01325 22 03291 01333 
30 09174 01349 22 05191 01326 
30 14296 01348 22 09142 01330 
November 07 04287 01326 January (1962) 02 09144 01324 
07 09164 01333 02 16295 01327 
07 14293 01322 03 09140 01324 
08 04289 01335 03 14202 01327 
08 06204 01331 03 16294 01331 
08 09163 01332 04 14192 01353 
11 06186 01304 04 15296 01344 
11 09160 01300 05 14200 01341 
11 14290 01298 05 16296 01342 
12 04297 01305 
i -- --- -·--·--- ---- --� --- - - -·-- ---- -- -
yy : Day 
µµµ : G.M.T. 
GG Secant values of sunlight passing through ozone layer. 
l Setting of wave length . A .D .  = 0  
s Light source . direct sunlight=l 
XXX : Total ozone amount. cm x 10- 3 
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Table 4. Snow depth (cm) at Syowa Base (1961). 
�o. of 
Date --�
n
�� �=���[ 
No. O No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 
Apr. 15 - setting snow stakes -
May 5 - 1 . 0  4 . 5  0 . 0  0 . 0  1 . 8  4 . 5  -4 .6  
15 - 6 . 0  4 . 0  0 . 0  0 . 5  2 . 0  5 . 0  -4 . 0  
25 - 6 . 0  11 . 5  4 . 5  1 . 5 6 . 0  5 . 5  -2 . 0  
June 16 + 2 . 0  82 . 5  22 . 0  16 . 0  33 . 0  20 . 0  + 11 . 5  
27 3 . 0  83 . 5  25 . 5  19 . 5  34 . 0  28 . 0  18 . 5  
30 3 . 0  83 . 5  39 . o  32 . 5  46 . 0  29 . 5  21 . 5  
July 13 3 . 0  82 . 0  40 . 0  31 . 0  43 . 0  28 . 5  20 . 0  
28 46 . 0  148 . 0  74 . 5  62 . 0  70 . 5  65 . 0  48 . 5  
Aug. 13 44 . 0  147 . 5  73 . 0  61 . 5  70 . 0  64 . 0  55 . 0  
23 44 . 0  147 . 5  72 . 5  61 . 5  70 . 0  63 . 5  55 . 0  
Sept. 5 50 . 0  207 . 0  121 . 0  103 . 0  108 . 5  105 . 5  90 . 0  
26 58 . 0  203 . 0  117 . 0  101 . 5  104 . 5  134 . 0  101 . 5  
Oct. 3 88 . 0  223 . 0  116 . 0  113 . 5  105 . 0  154 . 5  125 . 0  
18 87 . 0  292 . 0  157 . 0  155 . 0  142 . 0  152 . 0  122 . 0  
31 83 . 0  282 . 0  151 .0  147 . 0  140 .0  151 . 5  120 . 5  
Nov. 14 79 . 0  274 . 0  144 . 0  140 . 0  135 . 0  148 . 5  116 . 0  
30 75 . 0  137 . 5  134 . 0  147 . 5  112 . 0  
Dec. 26 63 . 0  259 . 5  127 . 5  119 . 5  139 . 5  98 . 0  
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Table 5. Density of snow (Dec. 26, 1961). 
From surface 0-10 10-20 20-30 30-40 40-50 50-60 60-70 (cm) 
Density 0 .431 0 .517 0 . 460 0 . 449 0 . 483 0 . 489 0 . 493 
From surface 70-80 80-90 90-100 100-110 110-118 mean (cm) 
Density 0 . 472 0 . 480 0 . 498 0 . 476 0 . 434 0 . 474 
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